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© Aortic graft, and method and apparatus for repairing an abdominal aortic 



aneurysm. 



© An aortic graft (150), and method and apparatus 
for repairing an abdominal aortic aneurysm inciudos 
a tubutar graft (160)whrch is intraluminally defivered 
througti the aorta and secured to the aorta by the 
expansion and deformation of a thin- walled tubular 
memtJer (165). 
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Th inv ntion r tates to an aortic graft for in- 
traluminal defivery, arnd a method and apparatus for 
repairing an abdominai aortic aneurysm. 

An abdominaJ aortic aneurysm is a sac caused 
by an abnomnaJ dilation of the wafl of the aorta, a 
maior artery of the body, as it passes through the 
abdomen. The abdomen is that portion of the body 
wtWch Ges between the thorax and the peMs. It 
contains a cavity, known as the abdominai cavity, 
separated by the diaphragm from the thoracic cav- 
ity and fined with a serous membrane, the perrto- 
neum. The aorta is the main trunk, or artery, from 
which the systemic artedai system proceeds. It 
arises from the left ventricle of the heart passes 
upward, bends over and passes down through the 
thorax and through the atxlomen to about tf^e levei 
of the fourth !umt>ar vertebra, where it dhndes into 
the two comnxxi iBac arteries. 

The aneurysm usually arises m the infrarsnal 
portion of the artertoscteroticaty diseased aorta, for 
example, below the kidneys. When left untreated, 
the aneurysm will eventuaJly cause rupture of the 
sac with ensuing fatal hemorrhaging m a very short 
time. High nxMtafity associated with the rupture has 
led to the presem state of the art and the transat>- 
dominal surgical repair of abdominal aortic aneu- 
rysms. Surgery involving the abdominal wail, how- 
ever, is a major undertaking with assoaated high 
risks. There is considerabie mortality arxj morbk^ 
associated with this magnitude of surgical interver>- 
tion, which in essence invotves replacing the dis- 
eased and aneurysmal segment of blood vessel 
with a prosthetic device which typically is a syn- 
thetic tube, or graft, usually fabricated of either 
DACRON®. TEFLON®, or other suitable material. 

To perform tf»e surgical procedure, requires 
exposure of the aorta through an atxiJominal ina- 
sion, which can extend from the rib cage to the 
put>is. The aorta must fc>e cicsed both above and 
below the aneurysm, so that ttie aneurysm can 
then be opened and the thrombus, or blood dot. 
arKJ arterioscJeriotic debris removed. Small arterial 
branches from the back wail of the aorta are tied 
off. The DACRON® tube, or graft of approximately 
the same size of the normal aorta is sutured in 
place, thereby replacing the aneurysm. Blood fkjw 
is then reestablished through the graft. It is neces- 
sary to move the intestines in order to get to the 
back wall of the abdomen prior to clamping off the 
aorta. 

If the surgery Is performed prior to rupturir>g of 
the abdominal aorta aneurysm, the survival rate of 
treated patients Is markedly higher tt^an if the sur- 
gery is performed after the aneurysm atptures, 
although the mortality rate is still quite high. If the 
surgery is performed prior to the aneurysm oiptur- 
ing. the mortality rat is typically less than 5%. 
Conv niional surgery performed after the rupture of 



the aneurysm is significantly higher, one study 
reporting a mortality rata of 66.7%. Although ab- 
dominal aortic aneurysms can be detected from 
routine examinat»ns. the patient does not exper- 
5 ienca any pan from the condition. Thus, if the 
patient is not nBceiving routine examinations, it is 
possible that the aneurysm win progress to the 
aiptuB stage, wherein ffie mortality rates are sig- 
nificantfy higher. 
10 Oisadvantages associated with the conventkjn- 

al, prior at »jrgery, in adcfition to the high mortafity 
rate, are: the extended recovery period assndated 
with such sugary: dKBcutees in suturing tt)e graft, 
or tU)e. to the aorta: the loss of the existing throm- 
TS bosis to support and n einface tt>e graft the un- 
suitabifity of tt» surgery for many patients having 
abdominai aortic arieurysms; and the problems as- 
sociated with perfomiiiiy the surgery on an emer- 
gency basis after the aneurysm has njptured. As to 
20 itie extent of recovery, a patient can expect to 
spend from 1 to 2 weeks in the hospital after the 
surgery, a major portion of which Is spent in the 
intBr>sive care unit, and a convalescer>ce period at 
home from 2 to 3 monffts. particularly if the patient 
25 has other illness such as heart lung, ever, and/or 
bdney disease, m which case the hospital stay is 
also leogthened. Slnco the graft must be secured, 
or sutured, to the remaining portion of tfie aorta. It 
is many tinr>es drfficull to perform the suturing step 
30 tsecause of thrombosis present on the remaining 
portion of tfte aorta, and that remaining portion of 
the aorta wail may many times be friabte. or easily 
crumbled- 

Sirx:e the ffirom bosis is totally removed in the 
35 prior art surgery, the new graft does not have the 
l5enefit of the previously existing thrombosis there- 
in, wtiich could be utilized to support and reinforce 
the graft, were the graft to be able to iDe inserted 
within the existing thrombosis. SirK:e many patients 

40 having abdominai aortic aneurysms have other 
chronic illnesses, such as heart, lung, 5ver. and/or 
kidney disease, coupled with tf»e fact that many of 
these patients are older, the average age being 
approximately 67 years old, these patients are not 

4S ideal candidates for such surgery, which is consid- 
ered major surgery. Such patients have difficurties 
in surviving the operation. Lastly, once the ar>- 
eurysm has mptured. it is difficult to perform a 
conventional surgery on an expedited basis t>e- 

50 cause of the extent of the surgery. 

Accordingly, prior to the development of the 
present invention, there has been no graft for in- 
traluminal delivery, or method and apparatus for 
repairing an atxjomtnal aortic aneurysm, which: 

55 does not have a relatively high morbidity and mor- 
tality rate; does not have an extended recovery 
period; does not require suturing the graft to the 
remaining aorta wall; permits th existing thromt» 
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sis therein to support and reinforce tfi graft; is 
suitable for older patients with chronic iHnesses; 
and is more readily performed on an emergency 
basis after rupture of tfi aneurysm. Therefore, the 
art has sought an aortic graft intraiuminal defivery. 
and method and apparatus for repairing an abdomi- 
naJ aortic aneurysm which is believed to: not have 
a high mortDidity and mortality rate; does not re- 
quire an abdominai incision and general anesthe- 
sia; net require an extended recovery period; not 
require suturing the graft to the remamtng aortic 
wall; permit the existing aortic wail and thrombosis 
therein to be retained to reinforce and support the 
aortic graft; be surtabie for patients having other 
chronic illnesses; and be more readily, qukddy per- 
formed on an emergency basis after rupture of the 
aneurysm. 

In accordance with the invention, the foregoing 
advantages have been achieved through the 
present aortic graft for intraJuminal delivery to re- 
pair an abdominai aortic aneurysm in an aorta 
having two ifiac arteries assodated therewith. The 
present invention indudes a tube having first and 
second erxls and a wait surtace disposed between 
the two ends, at least a portion of the tube adapted 
to be cSspcsed within tfte abdominal aortic arv 
eurysm; means for securing the first end of the 
tube to the aorta, the securing nr>ear% rnciudir^g a 
thin-waited tubutar member having first and second 
ends and a smooth outer wail surface disposed 
between the first and second ends, the wail surface 
having a sut>stantiaJly uniform thickness and a plu- 
rality of slots formed therein, the slots being dis- 
posed substantially parallel to the longitudir^ axis 
of the tubular member; the first end of tut>e being 
secured to the second end of the tubular member; 
the tubular member having a first diameter which 
permits intraluminal delivery cf the tubular member 
into the aorta and the tubular member having a 
second, expanded arxJ deformed diameter, upon 
the application from the interior of the tubular 
member of a radially, outwardly extending force, 
which second diameter is variable arxi dependent 
upon the amount of force applied to the tubular 
memtser, whereby the tubular member may l^e 
expanded and deformed to secure the first end of 
the tubular member to the aorta. 

A further feature of the present invention is that 
the second end of the tube may be tafurcated and 
two tubular passageways are formed which are in 
fluid communication with the first end of the tut>e 
and the two passageways are adapted to be mated 
with and disposed within the two iliac arteries. 
Another feature of the present invention is that the 
two tubular passageways may include means for 
securing the two tubular passageways to the two 
iliac arteries, and th securing m ans may be a 
thin-wafled tutjular member which has a first diam- 



eter which permits intraluminal delivery of the tubu- 
lar member irrto the aorta, the tubuiar member 
having a second, expanded and defonned diam- 
eter, upon the appUcation from the interior of the 
s tubular nr>ember of a radially, outwavrfly extendmg 
force, which second diameter is varidbte and de- 
pendent upon the amount of fcrce appSed to the 
tubular memt)er. whereby the tubular member may 
be expanded and deformed to secure the tubuiar 
to member to the iBac artery. A further feature of th 
present invention is that the first erxJ of the tube 
which may be secured to the second end of the 
tutxilar member is radially expandable, whereby 
the first end of ttie tube may c onfain with the 
15 second expanded and deftxmed (fiameter of the 
second end o* the tubular member. An addftionai 
feature of the present invention is that the tut» 
may have an intermediate portion wt«h is not 
substantially radially expandable. Another feature of 
20 tf)e present invention is that the tube may be tjto- 
erodable. and it may be impervious to the flow of 
fluid through the wail surlsce of the tube. 

In accordance with the invention, tfie foregoing 
advantages have also been achieved tfvough the 
25 present apparatus for repairing an abdominal aortic 
aneurysm. The apparatus of the present invention 
includes: a tube having first and second ends and 
a wail surface disposed between the two erxls; an 
expandable and deformable. thin-waOed tubular 
30 member having first and second ends and a 
smooth outer wall surface disposed t»tween the 
first and second erxjs, the first end of the tube 
beir>g secured to the second of the tubular mem- 
l>er. and the expansion and deformation of the thin- 
as walled tufaula- member being controllable: and a 
catheter having an expandable, inflatable portion 
assodated ttierewith. the thin-wailed tubular mem- 
ber being reieasably mounted upon the inflatable 
portion of the catheter, whereby upon inflation of 
4o the expandable, inflatable portion of tfie catheter, 
the thin-waJled tubular member is forced radially 
outwardly into contact witti the aorta to remain 
secured thereto, whereby the tube, secured to the 
thin-walled tubular member, provides a passage- 
45 way through the abdominai aortic aneurysm. 

In accordance with the invention, ttie foregoing 
advantages have also been achieved through the 
present method for repairing an abdominai aortic 
aneurysm in an aorta having two iliac arteries. The 
50 method of the present invention comprises the 
steps of: connecting a tube to an expar>dable and 
deformable. tutxilar memt^ disposing the tube 
and tubular member upon a catheter having an 
expandable, inflatable portion with the tubular 
55 member disposed upon the expandable, inflatable 
portion: intralumtnally delivering the tut>e. tubular 
member and catheter to the aorta and disposing at 
least a portion of the tube within the atxJominal 
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aortic aneurysm; expanding the expandable, inflat- 
able portion ol the' catheter to expand and defomi 
the tubular member to force the tubular member 
radially outwardly into contact witfi the aorta to 
secur the tubular member and at test a portion of s 
the tube within the aorta, whereby the tube pro- 
vides a fluid passageway through the abdominal 
aortic aneurysm. 

Another feature of the present invention cs that 
the tube may have first and second ends* the first io 
end of the tube being connected to the tubular 
memfc»er mid the second end d ttie tube be^ 
bifurcated to form two tubular passageways, and 
the passageway is (£$posed in each aiac artery. A 
further feature of the present invenfion includes the is 
steps of: corviecting an expandable ar^ deforma- 
ble tutxiiar member to each of the tubular passage- 
ways; <fispostng each tubular metNxr wtttwi an 
iBac artery: expancSng and defonrang each tubular 
memt)er with a catheter to secure each tubular 20 
nr>emt>er.and associated fluid passageway within an 
iKac artery. 

An additionai feature of the present invention 
iridudes the steps of providing a bioiogicaity inert 
exhaling on tt)e tut». A further feature of the present 2s 
invention is utiHzing a tube made of a nriatariai 
which is impervious to the flow of flud or utiiizkig a 
tut^e made of a material which is bio-erodatsle. 
Another feature of the present Invention is that the 
tutse, tubular member, and calheter may be in- 30 
traluminally delivered ttvough a femoral artery. An- 
other feature of tf»e present inverdion is tfiat the 
tut>e, tubular nr^ember, and catheter may be in- 
traiumtnatty delivered through an axflary artery. 

The aortic graft for intraluminal delivery, arxJ 3S 
mettKxj and apparatus for repairing an abdominal 
aortic ar>eurysm of the present invention, when 
compared to previously proposed prior art grafts 
and methods and apparatus for nepairing aneu- 
rysms, are believed to have the advantages of: a 4o 
lower mortality rate; shortened recovery periods; 
not requiring suturing a graft to the aorta; utilizing 
the existir)g aortic wall and thrombosis therein to 
support and reinforce the aortic graft being surt- 
abfe for use with patients having other chronic -^s 
illnesses; and is able to be expedrtiousiy used on 
an emergency t^asis after an aneurysm has ruf>- 
tured. 

In the drawings: 
FIG. 1 is a partial cross-sectional view of an 50 
abdominal aortic aneurysm in tt»e process of 
being repaired in accordance with the present 
invention; 

RG. 2 is a partial cross-sectional view of a 
portion of the aorta of FIG. 1. illustrating the ss 
expansion of a portion of an aortic graft; 
RG. 3 is a partial cross-sectional view of the 
aorta of FIG. 2. illustrating ttw portion of th 



aortic graft being fully exparxjed; 
RG. 4 is a partial cross-seoional view of ai 
aorta with the aortic graft of the present inver>- 
tion having been used to repair an abdominal 
aortic aneurysm; 

RG. 5 is a perspective view of an apparatus for 
repairing an abdominal aortic aneurysm; 
RGS. 6-d illustrates cfifferent embodiments of vi 
aortic graft in accordance with the present in- 
ventkxi, such grafts being d is posed wftfitn an 
abdominal aortic aneurysm and^ ifiac arieu- 
rysm; 

RGS. 9-12 are partial cross-sectional views of 
an abdominal aortic arieurysm, ffiustrating ono 
embodiment of the method of the present inven- 
tion for repairing an abdominal aortic aneurysm 
end iliac aneurysm: 

RG. 13 Is a partial cnoss-sectional view of a 
patient with a ruptured abdominal aortic aneu- 
rysm, wtiich rupture is boiog repaired in accor- 
dance with lt>e present Invention; 
FKo. 13a is an enlarged partial cross-sectiorral 
view of a portion of FK3, 13; and 
RG, 14 is a partial . cross-sectional view along 
tfie fongitudtnai axis of an apparatus for repair- 
ing an abdominal aortic aneurfsm, after tfie an- 
eurysm has ruptured. 
While the invention will be described in con- 
nection with the preferred emtKxfiment it will l^e 
understood that it is not intended to limrt the inven- 
tion to that embodiment On the contrary, it is 
intended to cover all aitematives. modifications, 
and equivalents, as may be included within the 
spirit amd scope of the invention as defined by the 
apperxJed claims. 

In RGS. 1 -4 an aortic graft 1 50 for intraluminal 
delivery to repair an abdomir^al aortic aneurysm 
151 in an aorta 152 having two iliac arteries 153L, 
153R associated therewith is illustrated. Aortic graft 
150, as wen as other grafts to be hereinafter de- 
scribed, could also be utilized in the thoracic aorta, 
and can be used to repair thoracic aneurysms or 
thoracic disecting aneurysms. Accordingly, use of 
the term "aortic aneurysm* in this specification and 
claims is intended to relate to and mean both 
abdominal aortic aneurysms and ttToracic aneu- 
rysms. Aneurysm 151 include areas of thromt)osis 
154. wtwch are disposed against the interior wall 
surface 155 of aorta 152. Blood flows through the 
aorta in the direction of arrows 156. Associated 
with aorta 152, above aneurysm 151, are a plurality 
of renal arteries 157. in fluid communication with 
aorta 152. Aortic graft 150 is seen to generally 
comprise: a tube 160 having first and second ends 
161, 162 and wall surface 163 disposed between 
the two ends« at least a portion of the tube 160 
adapted to be disposed within the aneurysm 151; 
and means for securing 165 the first end 161 of the 
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tube 160 to the aorta 152. 

PreferaWy. securing means 165 incIu<Jes a 
thifvwailed nrwmber 166 having first and second 
ends 167, 168 and a smooth outer wall surface 169 
disposed t»t«reen the first and second ends 167. s 
168 of the thffvwalled member 166. The thin-wafled 
member 168 has a first diameter D* (RG, 1), which 
pemifts (RtraluminaJ defivery of the thin-waited 
member 166 into the aorta 152. Upon the applica- 
tion from the kiterior of the thin-wailed member 166 ro 
of a radiaOy. outwardly extencfing force, as win be 
hefBinaftBT described in greater detait, the thtn- 
waled member 166 has a second, expanded and 
detomed dbmeter O" (FIGS. 3 and 4), whereby 
the tfwvwaled memt)er 166 ts expanded and de- 75 
formed to secure the first end 167 of the thir>- 
waled member 166 and the first end 161 of the 
tube 160 to the aorta 152. The second cfiameter 
O"*. as wifl be hereinafter descrft)ed in greater de- 
tail, is variabte and deperxjem upon Itie amoum of ao 
force appGed to the thin-waMed member 166. The 
first eruj 161 of tut»e 160 is connected to the 
secoTKl end 168 of the thin-wailed member 166, as 
by a pluraity of sutures 170 (FIG, 2). Sutures 170 
may be converrtionai sutures of poiypropytene, 2s 
DACRON#, or any other suitable material. Prefer- 
abfy. the first end 161 of tut^ 160 overlaps arHj 
covers the secorxi end 168 of thirvwailed member 
166. such overlap being approxinr^ety 50% of the 
length of thin-waJled member 166. The first end 30 
161 of tube 160. which overiaps the second end 
168 of thin-waJled member 166, is preferably con- 
structed so that rt is rac£aJly expandable, w^iereby 
the first erxi 161 of tube 160 may conform with the 
secorxj, expanded arxj deformed diameter D" of js 
the second end 168 of the thin-wailed member 166 
as seen in RGS. 3 and 4. If tube 160 is woven, the 
weave of the material at its first end 161 is looser, 
so that the desired radial expansion can be ot>- 
tair^. The intermediate portion 171 erf tube 160 40 
disposed between first and secorxj ends 161, 162 
theroof, is preferably not substantially radially ex- 
parxiabte. 

Still with reference to FIGS. 1-4, thin-walled 
member 166 is preferably a thin-wailed tubular 45 
member 172 wtK>se wail surface 169 has a sut>- 
starrtially uniform thickness with a plurality of slots 
173 (FIGS. 1 and 5) fomned therein, the slots 173 
being disposed substantially parallel to the longitu- 
dinal axis of the tubular member 172. It has been 50 
found that one type of thin-wailed member 166, or 
tubular member 172. which is particularty useful as 
securing means 165 are the expandable in- 
traluminal grafts disclosed in U.S. Patent No. 
4.733.665. issued March 29. 1988; U.S. Patent No. ss 
4,739,762. issued April 26. 1988; and U.S. Patent 
No. 4.776.337. issued October 11, 1988, ail the 
foregoing patents being in th nam of Julio C. 



Paknaz. and assigned to Exparxiable Grafts Part- 
nership, each of thes patents is incorporated 
herein by r^erence. Other thin-walled members 
166, or tubUar members 172 could be utilized as 
securing means 165, provided they have ability to 
t» contrcnabfy expanded and deformed from the 
first diameter D*, which permits intraJuminal deHv- 
ery of securing mear>s 165, to the secorvj ex- 
panded arxj deformed diameter 0", in order to 
secure the thin-walled member 166, and connected 
tube 160 within aorta 152. 

Still with reference to RGS. 1-4, tube 160. 
preiarably has a generally, drcular cross-secticnal 
conSguratfon, arxj tube 160 may be made from a 
vari^ of mafeertals. provided they have the requ»- 
sOe strength characteristics to be utiCzed as an 
aorfic graft 150. as well as have the requisite 
compatibility with the human body in order to be 
used as a graft, or implant material, without being 
reiected by the patient's body. Examples of such 
materials are DACRGN« and other polyester ma- 
terials, TEF1_0N« (polytetrafluoroethylene), 
TB=LON« coated OACRON* material ar>d porous 
pdyvcrethane. The nr^ateriai can be knitted or wov- 
ea arxl can be warp or weft knitted. If the material 
is warp krutted, it may be provided with a vetour, or 
t ow el like surface, which speeds up ctotting of 
Wood which corrtacts tube 160 in order to increase 
the attachmerrt, or integration, of tut>e 160 to aorta 
152, or to assist the integration of tut»e 160 to the 
thrombosis 154. Tube 160 can also be made of a 
tsio-erodable, or degradabie material, such as al- 
bumin or coHagen or a collagen coated materia]. A 
tube 160 which is bio-erodable. would erode and 
dissolve, or degrade, over a period of tinrie; how- 
ever, it is t^efieved that a layer of endothelium, or 
skin, will grow as the lube 160 erodes, the new 
layer of endothelium, or skin, providing a new, fluid 
impervious fining within aneurysm 151. As will be 
hereir^er described in greater detail, when aortic 
graft 150 is utilized in connection with an emer- 
gency insertion after a rupture of aneurysm 151, rt 
woukj t>e preferable to nnake tube 160 of a fluid 
impennous material. Additionally, the tube 160 or 
securing means 160 could have a coating of a 
biokDgtcalty innert materiai. such as TEFLON® or 
porous polyurethane. 

Still with reference to FIGS. 1-4 tufc)e 160 may 
have a crimped configuration to form an undulating 
kx)gitudinai cross-sectional configuration (FIG. 1). 
wt)ereby kinking, or twisting, or folding over upon 
itself will be minimized when the tube 160 is se- 
cured within the aneurysm 151, as will be 
hereinafter described in greater detail. This un- 
dulating configuration can be obtained by heat 
stamper^ tube 160. or in any other suitable man- 
ner, whereby th tutje 160 has a "memory" and if 
it is twisted or kinked, it will r turn to its original 
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configuration aixj cfisposition. Alteinafively. tube 
1 60 can have a smootti outer surface. 

With reference to RGS. 1-4, and FIG. 5, an 
apparatus 180 for repairing an abdormnal aortic 
aneurysm 151 generafly comprises: tube 160; ex- s 
pandable and defbrmat^ie thir>-waned member 166. 
or tubular member 172 wtiicb preferably incfudes 
slots 173 and has a smooth outer wafi surface 169. 
the expansion and deformation of the ttim-walted 
member 166 being controllabte, as wOl heretnaAer to 
be descn'bed tn greater detail: and a catfieter 181 
having an expandable, inflatable portion 182. or 
t>anoon 183 assodated therewith and a nosepieca 
18^. The thin-wanod member 168, or tubular mem- 
ber 172. is releasably mounted to te inflatable 75 
portion 182 of catheter 181. In any siitabte fashion, 
wtiereby upon Mation of the expandable, inflatable 
portion 182 of catheter 181. tfw thin^wafled mem- 
ber 166 is forced racfiaAy outwardly into contact 
with the aorta 152 to remaki secured thereto. 20 
whereby the tube 160, secured to the ttwvwaJled 
member 166. provides a passageway 185 (RG. 4) 
through the abdominal aortic aneurysm 151, so that 
blood can pass through me aneurysm 151 and be 
separated therefrom. As seen in RG, 4, the existing 2s 
aortic wafl 152' and the thrombosis 154 therein 
provide additional support and reinforcement for 
tube 160 of aortic graft 150. 

The apparatus 180 for repahlng the abdominal 
aortic ar»eurysm 151 as illustrated in RG. 5 is in its 30 
configuraticn it would have for irrtraluminal delivery, 
as also illustrated in RG. 1. In the configuration 
shown in RG. 5. the tH'n- wailed member 166 has 
its first unexpanded. undeformed diameter D*, and 
fc)ailoon 183 is shown partiaily inflated in RG. 2. as 
and completely inflated in RG. 3. Expansion and 
defomiation of thin-waJled member 166 is con- 
trolled by the expansion of tjaJloon 183 of catheter 
181. in a conventional manner. When apparatus 
180 is toeing intraiuminaiiy delivered, catheter 181. 40 
thir>-¥(failed member 166, and tube 160 are prefer- 
ably enclosed by a conventional catheter sheath 
186 which is removed, as shown in RG. 1. as 
apparatus 180 is disposed in its desired kx:ation 
wTttiin aorta 1 52, as will hereinafter be descn'bed in 4S 
greater detail. Deflation of balloon 183 permits the 
wrttTdrawal of catheter 181 and release of the bal- 
loon 183 and catheter from aortic graft 150 after it 
has been disposed in the configuration shown in 
FIG. 4. so 

W\tfy reference to RGS. 6 and 8, various em- 
bodimerrts of grafts 150 are illustrated within aorta 
152 and aneurysm 151 after aneurysm 151 has 
t>een repaired through the use of aortic graft 150 
and apparatus 180. In RG. 6. aortic graft 150* ss 
includes tube 160 as previously described, and 
graft 150' is secured by use of thin-walled memb r 
166 as pr viously described. Abdominal aortic an- 



eurysm 151 also includes two iUac artery an u- 
rysms 190, wtiich also contain the satne thrombo- 
sis 154 cSsposed within aneurysm 151. Aortic graft 
ISO' of RG. 6 has the second end 162 of tube 160 
bifurcated, so that two tubular passageways 191 
are formed which are each in fluid communication 
with the first end 161 of tube 160, and the fluid 
passageways 191 are mated with and disposed 
within the two iliac arteries 153. 

The aorfc ^aft ISO" of RG. 7 is ttie same as 
graft 150* of RG. 6. except that the two tubular 
passageways 191 include means for securing the 
two tubular passageways 191 to the two iliac ar- 
teries 153L Securing means 192 preforably are thin- 
wailed members 166, or tubular members 172, of 
the same type of construcSon as those used for 
securing means 165. Securing means 192 nr\ay be 
exparxted and deformed in the same manr*er as 
securing tneans 165 by controlled inflation of the 
expandable, inflatabte portfon 182 of catheter 181. 
In this regard, catheter 181 of apparatus 180 of 
RG. 5 may irndude a second axparxlable, inflatable 
portion 182 (not stxjwn) spaced longitudinally from 
the first axparxlabte, inflatable portion 182, so that 
securing means 165 and 192 may be exparKled 
and deformed ssrrtultaneousfy. Aitematively. appa- 
ratus 180 as shown in RG. 5 could be utilized to 
first expand and deform securing means 165 dis- 
posed at the upper errd 161 of tube 160. and the 
expandable, inflatable portion 182 could then be 
deflated arxj moved downwardly toward second 
securir^g means 192. The expandable, inflatable 
portion 182 would then be re-expanded and inflated 
to deform and expand securing means 192. Al- 
though the flow of pumped blood downwardly 
through aorta 152 and into iliac arteries 153 is 
l5eiieved to provide enough pressure to maintain 
passageway 191 in their desired positions, there is 
a siight negative vacuum pressure comporient as- 
sociated with tt)e pumping pressure, wfiereby the 
securing means 192 might be required. Securing 
means 192 also serves to insure no movement of 
passageways 191. caused by body movements. 

In some instances, aneurysm 15t could extend 
atwve the renal arteries 157, as shown in dotted 
lines 196 in RG. 7. In order to secure aortic graft 
150" to repair such an aneurysm 151. 195. it is 
preferabte to use a securir^ means 165' which 
includes first and second thin-wailed members 166 
and 166', or tubular members 172, 172*. which are 
flexibly interconnected by at least ore connector 
member 196, the first end 161 of tube 160 being 
secured, as previously descriljed, to the second 
end 168 of thin-walled member 166 in the manner 
previously described. The flexible connector mem- 
ber 196 spans the part of the aorta 152 adjacent 
the renal arteries 157. so ttiat fluid flow through 
r nal arteries 1 57 is not obstructed. Preferably, two 
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Connector members 196 are utilized, the connector 
members being (fisposed 180** apart, whereby the 
surgeon can detarmin by x-ray or fluoroscopy that 
the two flexiWe connector members 196 are dis- 
posed in the position shown in RG. 7, wherein the 
second connector member (not shown) is disposed 
directly behind the first connector member 196. If 
two images of connector members 196 appear on 
the x-ray or the fhx)roscope. the surgeon will know 
that it is possit)to that one of the renal arteries 157 
may be obstructed by one of the connector mem- 
bers 196. Seojring means 165* is expanded arKj 
deformed In the same manner as previously de- 
scribed wHh respect to securing means l^t. 

With refer e nce to FK3- 8, a graft 150^ is iBus- 
trated. graft ISCT* t)etng similar in design to the 
graft 150 triustrated in FIG. 4, with the exception 
that the secorid end 162 of tube 160 is provided 
with adcfitkxiai securing means 192 as previously 
described in connecticn with RQ. 7. 

With reference to RGS. 9-12, a method for 
repairing an atxjominai aortic aneurysm 151 arxj 
iliac aneurysm 190 with an aortic graft 150* as 
illustrated in RG. 6 will be described. After tube 
160 has been connected to an expandable and 
deformable thin-wailed memt^er 166. or tubular 
member 172. as previously descrit^ed in connec- 
tion ¥fith FIGS. 1-5, a surgical wire 200 Is intro- 
duced through a corrventionaJ catheter insertion 
device 201 through the right femoral artery 202R. 
In a conventional manner, the surgical wire 200 is 
passed from the right femoral artery 202R upwar- 
dly through ttie rigiit iliac artery 153R through the 
aorta 152 and downwardly through the left iliac 
artery 153L and into the teft femoral artery 202L 
and into another conventionaJ catheter insertion de- 
vice 201. Apparatus 180. including tube 160. cath- 
eter 181, and thin- waited member 166 are then 
intrahjminally delivered into tt>e aorta 152 and an- 
eurysm 151. through the teft femoral artery 202L, 
via a conventional catheter insertion device 201. 
Securing means 165 can be disposed in the aorta 
1 52 in the position shown in RGS. 9 and 1 . Sheath 
186 may then fc>e removed in a conventionaJ man- 
ner. With reference to RGS. tO and It, after 
sheath 186 is removed, surgical wire 200 may then 
be sutured to the right passageway 191R of tube 
160 as shown in FIG. 10. Securing means 165 may 
then be expanded and deformed in the manner 
previously described, as shown in FIG. 11. The 
wire 200 can then be withdrawn and pulled, so as 
to pull the right passageway 191 R of tube 160 
downwardly into the right iliac artery 153R until it 
assumes the position shown in FIG. 12. This same 
method could also be utilized to repair an an- 
eurysm 151, including an iliac aneurysm 191 with 
the graft 1 50" of FIG. 7. 

Wrth r f rence to RGS. 13, 13a. and 14. a 



method and apparatus for repairing an abdominal 
aortic arieurysm 151 which has ruptured as shown 
at 250 in RGS. 13 arxj 13a is illustrated. As seen in 
FIG. 13a, t^lood is illustrated by arrows 251 as 
5 flowing through the opening, or rupture. 250 in the 
wall 252 of aorta 152. and the thrombosis 154 is 
separated from wall 2S2. Apparatus 180*. as shown 
in RG. 14, IS similar to apparatus 180 previously 
descrit)ed in connecticn with RG. 5. Appaatus 
10 180' includes tube 160 of the type as previously 
described, a catf>etar 18V f^r^ an extended 
nosepiece 184*. tut>e 160 toeing disposed atxxit tt)e 
extended nosepieca 184*. Securing rnear^ 165, as 
previously described, is mounted upon an sxparid- 

75 able, inflatable portion 183 of catt^etar 181*. Ap- 
paratus 180' differs from that previously descrit>ed. 
in that catheter 181* first passes through securing 
means 165 and then irtto tube 160. wfiereas oi 
apparatus 180, catheter 181 first passes through 

20 tut^e 160 and ttien into securing means 165. 
Sheath 186 is also provided as previously de- 
scribed. Addrtionally. the secorxj end 162 of tube 
160 is restrained in the position shown in FK3. 14. 
as by a thread which passes through ttie kswer end 

25 162 of tube 160, the ttuead 260 passing through 
the extended catheter nosepiece 184*. As will 
hereinafter be described in greater detail, rt is pref- 
erable that thread 260 be able to be easily pulled 
through tut)e 160. Accordingly, it is preferred that 

30 thread 260 have a smooth, slippery surface. Nylon 
monofilament is thus a preferred material for thread 
260. 

As seen in RG- 13. apparatus 180' is irv 
traJuminally delivered to the aorta and the ruptured 

35 aneurysm 151 through an axillary artery 261 in the 
patient's arm 262 whereby apparatus ISO' is in- 
traluminally delivered via the axillary artery down- 
wardly through the aorta 152 into the position illus- 
trated in RGS, 13 and 1. Securing means 155 is 

4o then expanded and deformed in the manner pre- 
viously descrit^ed. so that aortic graft 150 assumes 
the configuration illustrated in RGS. 4 and 13. 
Thread 260 is then pulled and removed from tube 
160 by pulling it out through nosepiece 184'. In the 

46 event of a rupture 250. it is believed it would be 
difficult to enter the aorta 152 from the femoral 
artery, where as it is (relieved it will t>e readily 
possibly to intraiuminaJly deliver apparatus 180' 
through the axillary artery 261 via usage of a 

50 conventional catheter insertion device 201. Be- 
cause of the rapid flow of blood, it is prefened that 
the tube 160 be made fluid impervious when used 
for repairing aneurysms which have ruptured, it 
should t:>e readily recognized that the procedure 

55 illustrated in connection with RGS. 13, 13a. and 14 
can be much more expeditiously performed then 
th conventional, prior art method for repairing a 
ruptured aneurysm 151. 
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tt fs to be understood that the invention is not 
limited to ttie exact details of construction, opera- 
tion, exact materials or embodiments shown and 
descn'bed. as obvious modifications and equrv- 
aients will be apparent to one skilled in tt)e art. For 
example, the expandable, inflatabie portion of the 
catheter could te a plurafity of hydrauQcaily ac- 
tuated rigid members disposed on a catheter or a 
pHfrafity of t^oons coufd be utilized to expand the 
securing means. Additionaity. the wail surface of 
tt>e thin-waited member coukj be formed by a 
piurafity of wires having a smooth exterior surface. 
Accordingly. tt)e invention is therefore to be Smrted 
onty by the scope of the appended clainns. 

Claims 

1. An aortic graft for intraiuminai defrvery to repair 
an abdominal aortic aneurysm rn an aorta hav- 
ing two UBac arteries associated tf)erewHh. 
comprising: 

a tube having first arK( second erxis arxi a 
wall surface disposed t)etween the two ends, at 
least a portion of tfie lut)e adapted to be dis- 
posed within the abdominal aortic aneurysm; 
and 

means for securing the first end of the fiutje to 
the aorta, the securing means including a thin- 
waited tubular member having first and second 
ends and a smooth outer wall surface disposed 
t)etween the first and second ends, the wall 
surface having a substarrtiaffy uniform thick- 
ness and a plurality of slots fomied therein, the 
slots toeing disposed substantially paraltet to 
the longrtudinaJ axis of the tubular memt)er, the 
first end of the tube being secured to tiie 
second end of the tubular member the tubular 
member having a first diameter which permits 
intraiuminai delivery of the tutjular memt)er Into 
the aorta and the tubular member having a 
second, expanded and defomied diameter, 
upon the application from the interior of the 
tubular member of a radially, outwardly extend- 
ing force, which second diameter is variable 
and dependent upon the amount of force ap- 
plied to the tubular member, whereby the tubu- 
lar member may be expanded and deformed 
to secure the first end of the tubular member 
to the aorta; 

2. The aortic graft of claim 1, wherein the slots 
are uniformly and circumferentiaily spaced 
from adjacent sksts and the slots are uniformly 
spaced from adjacent siots along the tongitudi- 
nal axis of the tubular memt>er. whereby at 
least one elongate member is formed between 
adjac nt slots. 



3. The aortic graft of ciaim 2, wherein each slot 
has first and second ends, and the first and 
seconds erxls of each stot are disposed inter- 
mediate the first and second ends of adjacent 

5 sfots akxtg the longitudinal axis of the tubular 

member. 

4. The aortic graft of daim 1, wherein the tubular 
member does not exert any outward, radial 

10 force while tt\e tubular member has the first or 
second expanded dUmeter. 

5. The aortic graft of daim 1, wherein the sfots 
have a substarrtiaay rectangular configuration 

IS when the tuixjiar member has the first diam- 
eter; and the sfots have a suttstantiaHy hexag- 
onal conftg u ralion wf^n tiie tutxilar member 
has the secorxj. expanded diameter. 

20 6- The aortfo graft of daim 1. wherein the tutelar 
member has a biologically inert coating on the 
wail surface. 

7. The aortic graft of daim 1, wtwrein the second 
25 erxj of the tube is bifurcated and two tubular 

passageways are formed which are in fluid 
communication with the first end of the tube 
and the two passageways are adapted to be 
mated with arnj disposed within two ilSac ar- 
30 tones. 

a. The aortic graft of daim 7. wt^erein the two 
tubular passageways include means for secur- 
ing the two tubular passageways to the two 
35 iiliac arteries. 

9. The aortic graft of ciaim 8. wherein the secur- 
ing means includes a thin-waJled tubular mem- 
ber having first and second ends arxj a smooth 

^ outer wail surface <£sposed between the first 

and second ends, tt^ wall surface having a 
substantially uniform thickness and a plurality 
of sfots formed therein, ttie sfots being dis- 
posed substantially parallel to the longitudinal 

<5 axis of the tutxjlar member, tiie fiuid passage- 

ways tseirg secured to the first end of the 
tutxjlar memt^er ttte tubular memt)er having a 
first diameter which permits intraiuminai deliv- 
er/ of the tubular memt)er into the aorta and 

so the tubular member having a second, expand- 

ed and deformed diameter, upon the applica- 
tion from the interior of the tutHjIar member of 
a radially, outwardly extending force, which 
second diameter is variable and dependent 

55 upon the amount of force applied to the tubutar 

memljer, whereby the tutxjlar member may fc>e 
expanded and deformed to secure ttte second 
end of the tutxilar member and the tutxilar 
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passageways to the two illiac arteries. 

10. The aortic graft claim 1, wherein th first 
end of the tube is secured to the second end 
of the tubular member by a pluraJity of sutures. 

11. The aortic graft of claim 1, wherein the first 
end of the tube which is secured to the second 
end of the tubUar memt)er Is radtalfy expand- 
able, whereby the first end of the tube may 
conform with tfie second expanded and de- 
formed diameter of the second end of the 
tubular member. 

12. The aortic graft of claim 2. wtieretn the tube 
has an tntermediato portion which is not sut>- 
stantiaity racSaAy sxpand^>te. 

13. The aortic graft of daim 1, wherein the tube is 
crimped to form an undulating Icngftudinai 
cross-sectionai configuraticn, wttereby kinking 
or twisting of ttie tube is minimized. 

14. The aortic graA of claim 1. wherein the secur- 
ing means includes first and second tubular 
members flexsbty interconnected by at least 
one connector member, the first end of the 
tube being secured to ore of the tutxjlar mem- 
bers. 

• IS- The aortic graft of claim 1. wherein the tutje is 
bioerodable. 

16. The aortic graft of claim 1, wherein the tube is 
impervious to the flow of fluid through the wail 
surface of the tube. 

17. An aortic graft for fntraluminaJ delivery to repair 
an abdomtnaJ aortic aneurysm in an aorta hav- 
ing two illiac arteries associated therewith, 
comprising: 

(a) a tube having first and second ends and 
a wail surface disposed t>etween the two 
ends, at least a portion of the tube adapted 
to be disposed within the abdominaJ aortic 
aneurysm; 

(b) means for securir^g the first end of the 
tube to the aorta, the securing means in- 
cluding a thin- wailed memt^er havir>g first 
and second efvjs and a smooth outer wall 
surface disposed between the first and sec- 
ond ends of the thin-walled member, the 
first end of the tube being connected to the 
second end of the thin-walled member, the 
thin -wailed member having a first diameter 
which permits intraluminal delivery of the 
thin-wailed member into the aorta, the thin- 
wailed member having a second, expanded 



and deformed diameter, upon ttre appfica- 
tion from tt)e interior of tfie thir>-walled 
member of a radially. outwarcQy extending 
force. whk:h second <fiameter is variable 

5 and dependent upon the amount of force 

^)p6ed to the thin-walled member, whereby 
tt>e thin-walled member may be expanded 
and deformed to secura the first end of the 
thin-walled member and the first end of the 

to tube to the aorta. 

ia The aortic graft of daim 17. wherein the thin- 
walled member has a btotogkralty inert coatirig 
on its wall surface. 

75 

19. The aortic graft of daim 17, wherein the sec- 
ond end oi the tube is bifurcated and two 
tubular passageways are formed which are in 
fluid communication with the first end of the 

20 tube and the two passageways are adopted to 

be fnated with and disposed within two illiac 
arteries. 

20. The aortic graft of claim 19. wherein the two 
25 tutxJar passageways tndude means for secur- 
ing the two tutxitar passageways to the two 
illiac arteries. 

21. The aortic graft of claim 20. wherein the secur- 
30 ing means indudes a thin-wailed memtjer hav- 
ing first and second ends and a smooth outer 
wail surface disposed between the first and 
second ends of the thirv-wailed member. tf>e 
secorwd end of the tut^e b&ng secured to the 

35 first end of the thin-walled memt^er, the thin- 

wailed member having a first diameter Yvhich 
permits in tntraiuminal deSvery of the thin- 
wailed memtDer into the aorta, the thfr>-wailed 
member having a second, expanded and de- 

40 formed diameter, upon the application from the 

interior of the thirv-walled member of a radiaJly. 
outwardly extendir^g force, which second diam- 
eter is variable and dependent upon the 
amount of force applied to the thin-walled 

4S member, whereby the thin-wailed member 

may be expanded and deformed to secure the 
thin-wailed members and the tubular passage- 
ways to the two illiac arteries. 

50 22. An apparatus for repairing an abdominal aortic 
aneurysm in an aorta having two illiac arteries 
associated therewith, comprising: 

(a) a tube having first and second ends and 
a wall surtace disposed t>etween the two 

55 . ends; 

(b) an expandable and deformabie thir>- 
wailed tubular member, having first and 
second ends afKJ a smooth outer wall sur- 
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face disposed between the first and second 
ends, the first end of the tube being se- 
cured to the second end of ttie tubular 
member, the expansion and deformation of 
the thin-walled tuboiar member being con- s 
trollable: and 

(c) a catheter having an expandable, inflat- 
able portion assocsated therewith, the thin- 
walled tutxilar memtjer being releasabty 
mounted upon the inflatable portion of the to 
cattieter. whereby upon inflation of the ex- 
pandable, inflatable portion of the catheter, 
the thin^nralled tubular member is forced 
radtatty outwardty Mo contact wiSi the aorta 
to remain secured thereto, whereby the is 
tut^e. secured to the Wn-walled tubular 
member, provides a passageway through 
the abdominal aortic aneurysm. 
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